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The Camittes on Ruman Factors was established in 1980 in the Commission on
Behavioral and Social Sciences and Education by the Naticnal Research
Cauncil at the request of a consortium of five major goverrment agencies.
The purposes of the camittee are to provide guidance and recammendations
for the support of basic research relevant to the discipline of human
factors by these goverrment organizations, to serve as a mechanism for
interdisciplinary commmication, to encourage the participation of
scientists in conducting basic investigations relevant to major thecretical
arnd methodological issues, and to respond to the needs of sponsors for
advice on specific issues relating to their research programs.

During 1986, over 80 scientists, representing a wide variety of
disciplines, have contributed their expertise on a voluntary basis to the
various activities of camittee's CORE Program. The committee contimued
the working group meetings studying human performance modeling, held
workshops on mental models, distributed decision making, and expert
systems, and convened a steering group to plan a study on aging. The
camittes continued to oversee work on the reports of studies on human
performance modeling, integrated ergonamic models, multicolored displays,
amd mental models. Preliminary drafts of these reports are currently being
revised based an the comments of peer reviewers. These reports are
scheduled for publication in 1987.
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The Comittes on Ruman Factors in the Cammission on Behavioral and Social
Sciences and Education was established as a standing committee by the
National Research Council in 1980. During the current reporting pericd,
the Coamnittes has been sponsored by five goverrment agencies: the
Cognitive and Neural Sciences Division of the Office of Naval Research, the
Directorate for Life Sciences in the Air Force Office of Scientific
Research, the Directorate for Basic Research in the Army Research
Institute, the Autamation and Human Factors Division in the National
Aeronautics and Space Administration, ard the Directorates for the
Behavioral and Neural Sciences and for Information, Robotics, and
Intelligence Systems in the National Science Foundation.

OBJECTIVES

The mandate of the Comittee on Human Factors is to:
* advise its sponsors regarding the most important basic research
needs in human factors engineering and provide quidance on methods
for investigating such problems;

» eplore in depth the state of knowledge in selected areas judged
to be of particular importance as a basis for the development of
of detailed research agerdas;




* provide a mechanism for encouraging contact and coonmnication
amcng both basic and applied researchers in the field in the
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United States and abroad;

* interest cutstanding young and senior scientists outside the field
of mman factors in conducting basic research relevant to major
thecretical and methodological issues;

* be respansive to sponsors' requests for advice on specific
problems or issues relating to their human factors research

programs.

The members of the camittee are selected on the basis of their expertise

v o B B0 2 iy g g

asdmastratedbytheircmtrihxtiastotheadvamanmtofscien:ein
their areas of specialization. The scientists who are comnittee members '
constitute a broad balanced representation of the human factors and related :
disciplines. Each of these experts serves on the camittee or its
subgroups without reimbursement other than for travel expenses related to
camittee activities. (The committee members are identified in Appendix A.) .
More than 80 subject matter experts served on the various CORE Program

working groups, workshops, and seminars during 1986-1987 withour

capensation. (See Appendix B.)
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ACTIV.TIES DURING THE PAST YEAR

In 1986, the Comittee on Human Factors held three meetings: Jamuary
23-24, May 1-2, and September 18-19. The camnittee reviewed the reports
in process and provided management guidance and oversight in 1986 for the
activities of one working group, one panel, three workshops, and two
seminars. The members reviewed the reports in preparation and proposed
new studies for consideration staring in 1987.

In addition to the camittee meetings, the following technical sessions
were convened in 1986: working group on human performance modeling,
workshop an distributed decision making, seminar on expert systems,
planning meetings for the panel for the studies on aging and project
productivity, and report writing sessions for integrated ergoncmic
modeling and multicolored displays. (The purposes and status of these
studies are described below.) In addition, two meeting were held with the

spansors to provide status reports and discuss plans for future studies.




STUDIES IN PROGRESS

Models can serve a mmber of purposes in human factors engineering. They
can reduce development time by providing predictions which limit the
design domain that must be explored empirically; they may be used as
design tools by system developers; they can provide a normative base
acainst which to evaluate particular mman performance; and they can
pramcte coommication between the design engineer and the behavioral
specialist. Micro models have been constructed to represent elements of
human performance. However, the need exists for larger scale models that
are readily adaptable at the system level.

Progress over the past fifteen years has provided the ability to represent
analytically, either in mathematical or analog form, selected aspects of
integrated lhuman performance. Several of these include the Optimal
Control Model (OCM) that has been developed to describe the marual control
of piloted vehicles, the SAINT simulation language that is designed to
represent human task performance in a simulator, and the Human Operator
Simulator (HOS) that permits the integration of elementary models into
larger task-related descriptors of mman performance.

However, the state of model development for large-scale multiperson ,
systems remains crude. For many human activities, behavior is understood
at a level vhich admits only simple taxonomies or verbal-analytic models.
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Atthoqpa-iucd.ofﬂnspact:m, if a task is sufficiently defined, it
is always possible to build a camputer program which will produce the same
autput as a specific task execution sequence performed by a particular
individual. Such a program is only of interest, however, if it can be
extrapolated to predict individual performance when system variables are
changed. Such generalization has been achieved only in limited task

cantexts. In tearms of the range of behavior and task situations which can
be described with useful generality, there is a contimiing requirement to
narrow the gap betwen verbal analytic representations and predictive
models. In addition to the need for generation of such models, there are
also methodological issues to consider. For example, what is the proper
modeling framework? what methods and procedures should be used for
validation? What are the acceptable degrees of freedam for the
parameters of such a model?

The working group has reviewed current studies on macro models and has
identified research needed for the description and prediction of human
performance. Its report, which will recammernd research studies to enhance
the ability to represent integrative mman performance analytically as a
guide to system design, is scheduled for publication in 1987.

Multicolored Displays:

Over the past decade, with the growing sophistication of microelectronic
processing and digital camputation technology, there has been a concurrent
increase in the use of color displays. Multicolored displays are used
increasingly in a variety of civilian and military systems including
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aircraft, ships, amd cammand, control and conmmnication centers. These
displays have a nmber of advantages relative to monochrame or black and
vwhite displays. Color provides an additional dimension for coding,
spatially confused graphical or text infarmation can be grouped or
segregated, rarnges of quantitative values can be differentiated easily,
and critical features can be highlighted. Furthermore, the addition of
colar to otherwise achramatic displays provides interest, aesthetic
appeal, and scme measure of perceived realism. The addition of color also
appears to provide the user with greater sensitivity to the subtleties of
display content.

However, milticolored displays are not inherently necessary or useful for
all applications. It is argued that color has been indiscriminately added
for the sake of technology and not for the benefit of the user. The
inappropriate addition of color to otherwise achramatic or monochromatic
displays may degrade the utility of the display, leading to reduced user
performance. There are other problems associated with these displays which
can offset their advantages. Relative to monochrome or black and white
display, a muticolored display is more expensive, maintenance requirements
are greater, there is same sacrifice of display resolution, and an
increased probability of certain kinds of human errors.

At a two-day workshop, the current uses of color in visual displays were
categorized along three dimensions: display content, purpose of color in
the display, and display dynamics. Representative examples of display
designs relative to these categories were discussed, along with applicable
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questions relating to color selection, design of color systems, and visual
implications of display design. In addition, representative research
issues and findings that are central to the selection and use of color in
various types of displays were addressed. A report containing research
recamendations pertinent to the general and specific uses of milticolored
displays is in preparation and is scheduled for publication in 1987.

Integrated Ergonamic Models:

An integrated ergonamic model has considerable appeal as a universal tool
for the solution of ergoncmic design problems. There is a need to assess
the cauxrent status of human body models and their associated databases, to
identify their cammonalities and individual as well as general
limitations, and to explore if and how these models can be merged and
enhanced to serve as convenient tools for the researcher and designer.

The system to be modeled is the human body. For purposes of ergonamic
applications it is viewed as a bounded, physical structure with definable
gecmetry and capable of camplex kinematic articulated motion,
influenced by joint constraints, muscle forces, body inertial properties,
external forces and involuntary and cognitive control mechanisms. To
properly account for these capabilities, the model must possess certain
intrinsic properties. Among these are that it must describe body respanse
in a three dimensional space, the equations for body motion must be
dynamic, the model must be constructed of connected segments, each with a
locally defined and embedded coordinate system, and it must represent
the application of specified forces between segments and between segments
ad external configurations.



Qurrent methods deperd heavily on scalar measures and two dimensional

layouts and models. Unfortunately, the transition to three dimensions
requires more than a simple extension of these present methods. To
properly address motion in three dimensions, spatial kinematics must be
adopted for analysis. While doing so increases the complexity of the
analysis, this method of analysis has two significant advantages. Joint
motion constraints can be introduced as a function of adjacent segment
crientation, and segments can have anatomical or gecmetrical structure for
force application and muscle attachment.

The most general equations that can be written for gross body motion are
those for deecribing rigid body dynamics for miltiple coupled bodies. The
transition to a three dimensionally structured model would allow the
superimposition of three dimensional surface shapes and would lead to more
precise analysis of body and surrounding configuration interaction and the
graphical display of the body.

While these model enhancements will not produce the ultimate totally
integrated model, they represent substantial progress towards integrating
a nmber of methodologies currently in use. The point to point and
circumferential mesasurements traditionally made by anthrometrists are
consistent with this method, two dimensional analyses fall out by plane
projection, static force calculations are part of the dynamic equations if
motion is not induced, amd link lengths are embedded in the segment
joint-center-to-joint-center distances.




A seminar was covened to assess the feasibility of developing human
ergonomic models or mxdules that can be used to integrate biamechanical,

anthropametric, and hman-equipment interaction data into a basic dynamic
model of mman characteristics and motor capabilities. CQurent models

were reviewed as benchmarks and research recommendations for the

development of an integrated ergoncmic model have been prepared in a
report scheduled for publication in 1987.

Mental Models:

A central working principle in cognitive psychology is that decisions and
actions of a user of a software intensive system depend on that user's
mental model of the system. The mental model includes not only the
functional characteristics of the system, but its current state, dynamic

properties, and reliability.

Describing a mental model is camplex by virtue of the fact that

ARl dinsedlinadhmil

significantly different mental models may be generated by the several
individuals interacting with the same software. Therefore, it is !

necessary to distinquish, for example, the designer's model (the
designer's conception of his/her own software) from the analyst's model
(the understanding the analyst develops of what the user knows about the
software). There is also a prescriptive sense of the designer's model,
that is, the model which the user should acquire and refer to in using the
designer's software.
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Mental models will also vary according to the sophistication of the user.

For example, an advanced programmer's mental model of given software is

likely to be quite different fram that of the user with no programming

experience. Miltiple mental models may also co-exist within the same

individual. A person who both designs and later uses a system may develop
campartmentalized understandings of the system. Analogous distinctions

arise if different task enviroments are considered. The mental model

elicited for routine skilled behavior may differ substantively from that

generated when an individual is asked to explain why particular causes
give rise to particular effects in a software system.

The description of mental models is potentially far more camplicated than h
these simple examples suggest. What is crucial is not to emmerate every

possible model, but to recognize the specific focus and inherent

limitations of any particular description of mental models. At present,

there is no satisfactory method for describing mental models or

characterizing the differences in mental models at varying levels of user

expertise or among a population of users.

The development of mental model theory is a major thrust in software human
factors research, ard, as such, is a driving force in software design.
The basis for this impact needs to be analyzed for better focus of further
developments in the study of mental models. Consequently the camnittee
coducted a two-day workshop to determine means for achieving a better f
understanding of mental models and their implications for systems and

10

T N T e S A A R S S R RO A S I R L R SO R A Rt
AR X »y 08,0 0,4 4,000 .-!.‘.O' T, Ca a2 ”a NS VY Car iy v



software design. ﬁnparticipmﬂattlnwrlmmpamedamrt
canceptualizations of mental models, identified research approaches and
needs relevant to developing descriptions of mental models, and suggested
appropriate methods for applying knowledge of mental models in the systems
design and training processes. The report of the proceedings of this
workshop is in preparation and is scheduled for publication in FY 1986.

Distributed Decision Making:

Behavioral decision theory has been used to develop aids which can help |
experienced decision makers select among alternatives by mental processes
that analyze the salient features of a situation, consider the various
ranges of interpretations and actions, evaluate the consequences of each
altermative, ard select appropriate responses. The most promising
approaches appear to be based on a mixture of prescriptive and descriptive
research. The former asks how pecple should make decisions, while the
latter asks how they actually do make them. In cambination, these two
research approaches attempt to build from people's decision making
strengths, while campensating for their weaknesses. The underlying
premise is that significant decisions should seldom be entrusted entirely
either to unaided intuition or to autamated procedures. Finding the
optimm division of labor requires an integrated program of theoretical
and empirical research.

Modern command-and-control systems represent a special case of a more

general phencmencn, in which the information and authority for decision
making are distriluted over several individuals or groups. Distributed

11
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decision making systems can be fourd in such diverse settings as military
arganizations, voluntary organizations, multinational corporations,
diplamatic corps, goverrment agencies, and couples managing a household.
Viewing any distributed decision making system in this broader context

helps to clarify its special properties.

A general task analysis of distriluted decision making systems is
developed by detailing the performance issues that accrue with each level
of camplication as ane goes from the simplest situation (an individual
intuitively pondering a static situation with camplete information) to the
most camplex (heterogenecus, multiperson systems facing dynamic, uncertain
and hostile envirorments which threaten the conmmication links and
personel in their system). Drawing from the experience of different
systems and fram research in areas such a behavioral decision theory,
psychology, cognitive science, sociology, and organizational development,
the analysis suggests both problems and possible solutions. It also
derives same general conclusions regarding the design and managment of
such systems as wall as the asymptotic limits to their performance and the
implications of those limits for an ocrganization and overall strateqy.

Many civilian, military, and space systems consist of physically separated
components which are linked through telecommmnications networks and act
semiautanamously but cooperatively toward common goals. To enhance
flexibility and independence and to take best advantage of local
information there is an increasing trend to distribute decision making

authority among system camponents. Of critical importance is

........



understanding the fundamental requirements which must be met to enable
individuals within different crganizational components to make decisions
effectively and cocperatively with only partial sharing or availability
of information. Design of system architecture, decision making protocols,
and information sgpport networks will all require knowledge about human
decision processes in distributed systems.

A report, based in part on position papers submitted by workshop
participants and on the proceedings of the workshop, is in progress. This
report, which will delineate recommendations for fundamental research
studies in distributed decision making, is scheduled for campletion 1987.

Rxpert Systems:

Expert systems, a branch of artificial intelligence, include a core of
specialized knowledge and a prescriptive or descriptive method for
acquiriig, utilizing, and interpreting that knowledge. There is
cansiderable interest in uderstamling the structure of expert systems,
how to build them, and what they tell us about the nature of expertise.
Research is nesded to discover methods for learning what the expert's core
of knowledge is, what heuristics or rules govern the utilization of this
knowledge to solve particular classes of problems, and how best to convey

the knowledge to a non—expert user of the system.

The Research Briefing Panel on Cognitive Science and Artificial
Intelligence of the National Academy of Sciences has cited expert systems

\.".‘.

te e e e e 5
A A e (oA A A A A N Tt W

-

i 1 TR RN R N L Ny



research as an important topic. Related research topics involve exploring
the nature of intalligence and its development from primitive cognitive
functions; solving coaplex problems by developing camputer systems which
have intellectual, perceptual, and learning abilities; using camputers'
increasing speeds of data processing and extended memory; and cambining an
understanding of the way mumans learn and perform cognitive tasks with
intelligent systems. A method is needed to provide for increased
expertise by integrating knowledge and search processes into a single
system.

An important mman factors issue in the domain of expert systems is how
to find out what the expert knows; that is, both the knowledge base itself
and the problem solving processes which relate to that knowledge. wWhat
rules do experts use to wderstand ard retrieve appropriate subsets of
their knowledge base? Should they be asked to describe what they know and
the cognitive processes they use? Should they be cbserved and their
activities recorded in settings where they apply their knowledge? Are new
ard quite different approaches required to gain access to the expert's
knowledge and problem solving techniques?

A secord critical mman factors issue is how best to present the resident
information to the user of an expert system. Because novices frequently
do not think in the same terms as an expert, attention must be given to
translations or explanations of the information. Furthermore, while in
same cases a simple answer to a problem is sought from the system, other
situations may demand a tutorial. Determining how to pass expertise on to

the non-expert is central to human factors research on expert systems. ‘
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A two-day workshop focused an function allocation, knowledge acquisition,
tutarial, and hman-machine interface aspects of expert systems. The
repart of the processedings of this workshop is in progress and is scheduled
for completion in 1987.

aaing:

With the median age of the general population increasing, understanding
the ramifications of the normal aging process has assumed growing
importance. In the course of aging, changes occur in the levels of
physiological and psychological functioning. Functional capabilities will
determine 0 a large extent how well older persons can perform in the
hame, workplace and cammnity. Although scme work has been done to
encourage alterations in these enviraments to accammodate the aging
individual, adequate quantitative data are lacking to describe the effects
of functional changes on the activities of an aging population.

The camittee has prepared a study plan that will identify and analyze
tasks typically encountered in transportation, hame, workplace, leisure,
ard safety/security activities. These task will be reviewed in the
cantext of changes in sensory/perceptual, physical/psysiological, amd
cognitive/psychamotor functioning that are an integral part of the aging
process. For example, decrements in audition can limit commmication;
declining visual functioning can affect the ability to read, drive a
vehicle, or perform work related tasks. Certain systemmic changes can
limit independent functioning due to decreases in strength, agility, amd
endurance. Difficulties in learning and retrieving information can have a

15
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rngatiwiwtmﬁuﬂ:pufm. In addition more rigid attitudes and
reduced motivation toward change may affect other functional capabilities.

Applying system and task analysis methodology to the jobs and activities
of the aging and camparing the capabilities of older persons to task
demands can help provide an empirical rationale for research required to
maintain or enhance the functional capabilities of the aging. With this
goal in mind, a study panel will convene in 1987 to identify and recommend
basic mman factors research needed to effectively use the talent resident
in the aging work force and to improve the quality of life of older
perscns in the hame and in the caomumity. Campletion of the study and the
report is scheduled for early 1988.

Productivity in Information Work:

The demand for qualified persomnel to work in the information field has
increased to the point where the mumber of workers in this area exceeds
all other workers in the United States. According to 1983 U.S. Department
of Labor statistics, about half of the information workers are in the
exscutive, managerial, professional, and technical fields.

Software development, ane aspect of information work, involves many tasks
including requirements specification, design, coding, testing, defect
removal, maintenance, documentation, and project management and usually
involwes teams of pecple. One of the few dbjective measures of software
development is lines of code produced. However, this is a poor indicator
of effectiveness since it does not relate end user benefit to cost.
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Productivity is difficult to define and even more difficult to measure in
the information sciences and at the professional ard managerial levels.
In information software engineering, for example, Boelm (Boelm, Barry,
Software Engineering Econcmics, Prentice Hall, 1981) developed a
predictive model for person months ard elapsed time for software
development starting with the initial analyses and design and ending with
final interpretation and test. He idemtified 15 key factors that affected
effort and time and quantified each factor based on actual experience.
Thus, his model predicts the quantitative productivity of a software
programming team. However, except for Boelm, the extensive literature
available on productivity is focused primarily on micro concerns with
little attention paid to more general issues.’

A steering group has been assigned to determine the feasibility of
studying these issues, and if warranted, to plan ard organize a workshop.
Issues for consideration would include useful methods for measuring and
enhancing productivity, cognitive factors related to knowledge acquisition
ard transfer, software reusability, and organization of software
development tasks.
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(These reports are summarized in Appendix C)

Research Needs in Human Factors (1983)

Research Needs on the Interactions Between Information Systems and
Their Users (1984)

Research Issues in Similator Sickness (1984)

Research and Modeling of Supervisory Control Behavior (1984)

Methods for Designing Software to Fit Human Needs and Capabilities (1985)

Human Factors Aspects of Simulation (1985)

Recamendations for Content Revision and Alternate Delivery Modes for
the Human Engineering Guide to Equipment (a letter report) (1985)

Reports scheduled for publication in 1987:
(These studies are summarized in the earlier text)

Human Performance Modeling

Mental Models in Human Camputer Interaction: Research Issues About
What the User of Software Knows

Toward the Development of Integrated Ergonamic Models

Research Needs in Multicolored Displays

Theoretical Issues in Distributed Decision Making

Human Factors in Expert Systems
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APPENDIX A

COMMITTEE ON HUMAN FACTORS
MEMEERS 1986-1987

Thamas B. Sheridan (Chedr), Professor of Engineering and Applied
PBYC*le ogy, Department of Mechanical Engineering, Massachusetts Institute
of Technology

Nanc{ :u Arnderson, Professor, Department of Psychology, University of

Clyde H. Coambs (NAS), Professor, Department of Psychology, University of
Michigan

Jerome I. Elkind, Vice President, Systems Development Department, Xerox
Corporation, Palo Alto, CA

Baruch Fischhoff, Professor, Department of Engineering and Public Policy
and Department of Social and Decision Science, Carnegie-Mellon University

Oscar Grusky, Professor, Department of Sociology, University of
California, los Angeles

Robert M. Guion, Professor, Department of Psychology, Bowling Green State
University

Douglas H. Harris, President, Anacapa Sciences, Inc., Santa Barbara, CA

Julian E. Hochberg (NAS), Chairman, Department of Psychology, Columbia
University

Thamas K. lardauer, District Research Manager, Information Sciences
Division, Bell Commmications Research, Morristown, NJ

Judith Reitman Olson, Associate Professor, Graduate School of Business
Administration, University of Michigan

Richard W. Pew, Principal Scientist and Manager, Experimental Psychology
Department, Computer and Information Sciences Division, BB N
Laboratories, Inc., Cambridge, MA

Stover H. Snook, Project Director, Ergonomics, Liberty Mutual Research
Center, Hopkinton, MA

Christopher D. Wickens, Director, Aviation Research Laboratory, University
of Illinois

Robert C. Williges, Professor, Department of Industrial Engineering and
Operations Research, Virginia Polytechnic Institute and State University

Stanley Deutsch, Study Director
Elizabeth F. Neilsen, Staff Assistant
Margaret A. Cheng, Administrative Secretary
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APPENDIX B
MEMEFRS OF WORKING GROUPS/STEERING GROUPS
PARTICIPANTS IN WORKSHOPS/SEMINARS
HIMAN PERFORMANCE MODELS
MEMBERS OF THE WORKING GROUP

Sheldon Baron (Chair), Vice President, Information Sciences Division, BBN
Laboratories, Inc., Cambridge, MA

Rerwick E. CQurry, Vice President, Search Technology, Palo Alto, CA
Charles P. Greening, Research Scientist, Naval Weapons Center, China lake

Ear]l B. Hunt, Professor, Department of Psychology, University of
Washington

Charles C. Jorgensen, Oak Ridge National laboratory, Engineering Physics
Division, Oakridge, TN

Neville P. Moray, Professor, Department of Industrial Engineering,
University of Toronto, Ontario

Richard W. Pew, Principal Scientist and Manager, Experimental Psychology
Department, Camputer and Information Sciences Division, BB N
Laboratories, Inc., Cambridge, MA

William Rouse, President, Search Technology, Inc., Norcross GA

Robert J. wherry, Jr., President, Robert J. Wherry, Inc., Chalafont, PA

Thamas B. Sheridan (ex officio), Professor, Department of Mechanical
Engineering, Massachusetts Institute of Technology
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INTEGRATED ERGONCOMIC MODELS
SEMINAR PARTICIPANTS [

Karl H. E. Krosmer (Co~Chair), Professor, Department of Industrial
Enginesring and Operations Research, Virginia Polytechnic Institute and
State

University

Stover H. Snock (Co-Chair), Project Director, Ergonamics, Liberty Mutual
Research Center, Hopkinton, MA

M.M. Ayoub, Horn Professcr of Industrial Engineering and Biocengineering, )
Ergoncmics Institute, Texas Tech University

Alvah C. Bittner, Principal Scientist, Analytics, Inc., Willow Grove, PA

Benjamin Qummings, Chief, Special Projects, U.S. Army Human Engineering
Laboratory, Abexdempmvirgm MD

Neville Hogan, Professor, Department of Mechanical Engineering, h
Massachusetts Institute of Technology

Ints Kaleps, Chief, Modeling and Analysis Branch, Wright-Patterson Air
Force Base, CH

Albert King, Director, Bicengineering Center, Wayne State University

James L. Lewis, Division Manager for Space Station, Manned Systems
Division, NASA Johnson Space Center, Houston, TX

William S. Marras, Assistant Professor, Department of Industrial and
Systems Engineering, Ghio State University

Hugo W. McCauley, Principal Engineering Scientist, Human Factors
Engineering, Douglas Aircraft Co., Long Beach, CA

Jahn T. McConville, President, Anthropology Research Project, Inc., Yellow
Springs, CH Y

Joe W. McDaniel, Industrial Engineer, Wright-Patterson Air Force Base, OH

Albert B. Schultz, Professor, Department of Mechanical Engineering,
University of Michigan

Howard W. Stoudt, Professor, Department of Cammmnity Health Science,
Michigan State University
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MENTAL MOCELS
WORKSHOP PARTICIPANTS

Nancy S. Anderson (Chair), Professor, Department of Psychology, University
of Maryland

Elizabeth Kruesi Bailey, Software Metrics, Inc., Falls Curch, VA

John M. Carroll, Camputer Science Department, Watson Research Center, IEM
Corporation, Yorktown Heights, NY

Richard J. Jagacinski, Professor, Department of Psychology, Human
Performance Center, Chio State University

David R. Lenorovitz, Camputer Technology Associates, Inc., Englewood, OO

Marilyn M. Mantei, Professor, Graduate School of Business Administration,
University of Michigan

Phyllis Reisner, IBM Research Center, San Jose, CA

Judith Reitman Olson, Associate Professor, Graduate School of Business
Aministration, University of Michigan

Janet Walker, Symbolics, Inc., Cambridge, MA
John A. Whiteside, Digital Equipment Corporation, Nashua, NH

Robert C. Williges, Professor, Department of Industrial Engineering and
Operations Research, Virginia Polytechnic Institute and State University
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MULTTIOOLORED DISPLAYS
WORKSHOP PARTICIPANTS

Jo Amn Kimney (Chair), Consultant, Surry, ME
Kward Adelson, Media laboratory, Massachusetts Institute of Technology

Robert Boynton, Professor, Department of Psychology, University of
California, San Diego

Ellen Carter, Consultant, Arlington, VA
Robert Carter, Office of the Chief of Naval Operations, Washington, D.C.
F. Del Coates, President, Del Coates Asscciates, San Jose, CA

James Foley, Professor, Department of Electrical Engineering and Camputer
Sciences, George Washington University

Francine Frame, AT&T Bell laboratories, Naperville, IL

Julian Hochberg (NAS), Chairman, Department of Psychology, Columbia
University

David Landgrebe, Professor, Department of Electrical Engineering, Purdue
University

David Neri, Sukmarine Medical Research laboratory, U.S. Navy Submarine
Base, Groton, CT

J.J. Remnilson, President, Retro~Tech, Inc., la Mesa, CA

Alan Robertson, National Research Council of Canada, Photametry and
Radiometry Section, Division of Physics, Ottawa, Ontario

Louis Silverstein, Sperry Corporation, Phoenix, AZ

Harry Snyder, Professor, Department of Industrial Engineering and
Operations Research, Virginia Polytechnic Institute and State University

(e on e v
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DISTRIBUTED DECISION MAKING
WORKSHOP PARTICIPANTS

Baruch Fischhoff (Co-Chair), Professcr, Department of Engineering and

Public FPolicy and Department of Social and Decision Science,
Carnegie-Mellon University

Oscar Grusky (Co~Chair), Professcor, Department of Sociology, University of
California, los Angeles

Clyde Coambs, Professor Emeritus, Department of Psychology, University of
Michigan

Ralph Disney, Professor, Department of Industrial Engineering and
Operations Research, Virginia Polytechnic Institute and State University

Robyn Dawes, Professor, Department of Sociology, Carnegie-Mellon
University

Larry Hirschhorn, Professor, Wharton Center for Applied Research,
University of Pemnsylvania

Gary Klein, President, Gary Klein Associates, Inc., Yellow Springs, OH
Fred Thampson, Center for Naval Analysis, Alexandria, VA

Elizabeth Pate-Cormell, Professor, Department of Industrial Engineering,
Stanford University

Kathleen Carley, Professor, Department of Sociology, Carnegie-Mellon
University

Todd laPorte, Professor, Department of Political Science, Institute for
Goverrmental Studies, University of California, Berkeley

Oliver Williamson, Professor, School of Management, Yale University
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EXPERT SYSTEMS
WORKSHOP PARTICIPANTS

Judith Reitman Olson (Chair), Associate Professor, Graduate School of
Business Administration, University of Michigan

lawrence Fagan, Medical Camputer Science Group, Knowledge System
Laboratory, Stanford University School of Medicine

Baruch Fischhoff, Professor, Department of Engineering and Public Policy
and Department of Social and Decision Science, Carnegie-Mellon University

Paul Johnsan, Professor, School of Management, University of Mimmesota

Jill larkin, Professcr, Department of Camputer Sciences, Carnegie-Mellon
University

Thamas Landauver, District Research Manager, Information Sciences Division,
Bell Cammmications Research, Morristown, NJ

Clayton lewis, Professor, Department of Camputer Science, University of
Colorado

Lawrence Malaney, Professor, Department of Psychology, University of
Michigan

Douglas Medin, Professor, Department of Psychology, University of Illinois
Richard W. Pew, Principal Scientist and Manager, Experimental Psychology
Department, Computer and Information Sciences Division, Bolt Beranek &
Newman Laboratories, Inc., Cambridge, MA

Brian Reiser, Professor, Department of Psychology, Princeton University

Thomas Sheridan (ex-officio), Professor, Department of Mechanical
Engineering, Massachusetts Institute of Technology

William Swartout, Information Science Institute, University of Southern
California.

Robert Williges, Professor, Derartment of Industrial Engineering and
Operations Research, Virginia Polytechnic Institute and State University
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HOMAN FACTORS RESEARCH ISSUES FOR AGING POPULATIONS
STEERING GROUP MEMBERS

Robert M. Guion (Chair), Professor, Department of Psychology, Bowling
Green State University

Nancy S. Anderson, Professor, Department of Psychology, University of
Maryland

Sara J. Czaja, Assistant Professor, Department of Industrial Engineering,
State University of New York, Buffalo

Thamas K. landauer, District Research Manager, Information Sciences
Division, Bell Cammmnications Research, Morristown, NJ

Stover H. Snock, Project Director, Ergonamics, Liberty Mutual Research
Center, Hopkinton, MA
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APPENDIX C

REFORTS ~ 1984-1986

Users: Report of a Workshop (1984):

The use-canputer interface may beccme a limiting factor in the widespread
use of autamated information systems. The technological growth of
camputer-based information systems has outpaced our knowledge of the way
that users interact most effectively with these systems. Regardless of

the efficiency of the internal mechanisms of an information system, its
overall effectivensss depends heavily on its campatibility with a mman
user. This study described (1) the unique characteristics of information
systems and predicted trends of future technological development that are
likely to affect their character; (2) the mman cognitive characteristics
most importantly involved in user-information system interaction and
identified significant behavioral and cognitive science issues; and (3)
provided recamnendations for fundamental research most necessary to
improve the effectiveness of human-information systems interaction.

The study group noted that there is a paucity of theory-based research on

user/information system interaction. The members recammended research
needed to provide a better understanding of how pecple acquire and use
conputer-based information and the methods they use for searching,
filtering, and evaluating information.




The report also reccmmends research needed to better understand the
cognitive effects of programming, to increase the rate of information
exchange between pecple and information systems, to develop user skills,
and to assess the impact of technology on jobs and job skills.

shop (1984) :
Similators are used extensively for training and are gaining favor for
their contributions to equipment and system design and evaluation.
However, their usefulness is compromised when disabling sickness related
to their design amd operation reduce their effectiveness. There is

uncertainty about the etiology of simulator sickness although sensory
conflict appears to be the major offender.

The report identified design and cperational features of simulators that

may lead to occupant malaise and recammended procedures for avoiding or
ameliorating these effects.

Determination of causes and processes is recommended as a critical topic
for research. Analyses of tasks, head movement, visual display and
motion-base variables relative to the incidence of simulator sickness must
be investigated. Research is needed to determine the contribution to
similator sickness of such factors as field-of-view size, force vectors,
the phase ard gain relationship of various sensory processes, and certain
oculamotor variables. In addition, to understand the simulator sickness
phencmenon, more needs to be known about the underlying neurological
mechanisms and about the role of adaptation.
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Evaluation of candidate countermeasures should also be a central part of
on-going research on simulator sickness. Incremental exposure regimens,
cartain hand-eye coordination games, and medications used for motion
sickness might be effective in the prevention or control of simulator
sickness. In addition, there seems a reasonable hope that degrading the
update rate of moving stimuli in the similator display might be sufficient
to support training while eliminating simulator sickness. These, and
other potential countermeasures require further investigation.

Workshop (1984):

In many modern camplex systems, the role of the human operator has changed
from directing marual control to that of supervising the functions of
autamated equipment that, in turn, control a vehicle or process thraugh
its own sensors and effectors. The task of the mman in these systems
requires more monitoring and decision responsibility and reduced direct
psychamotor control. Specific issues of research strategies to study
supervisary control behavior, approaches to modeling this behavior, and
means for real-world validation of research and modeling results were
addressed in this study.

The conclusions and research recammendations of this report draw on three
major themes: characteristics and analysis of supervisory control systems,
selection of modeling approaches and research methods, allocation of tasks
betwesn the human and the autamated equipment, and improved commmnications
between research investigators and designers of these systems.
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The research on supsxrvisory control should center on levels of cantrol,

goal setting and sesking, cycles of control and feedback, and trust in the

systam. It should consider the design flexible cperator-system

interfaces. The cperator must have display and control mechanisms to

acquire information necessary to make decisions and to exercise control

at any level in the system. :

Camputers are pervasive in civilian and military equipment systems. The
campatibility of camputer based devices with mman users is predaminantly
dependent upon the characteristics of the software. The report suggests

e .-

that research needs fall into three categories: new theories, new
representations, and new data collection and analysis methods. The report
contains a campilation of mman factors approaches useful for research,
experimental design, and data collection methods on user performance,
which provides design information important to software and camputer

developers.

Research methods considered most likely to produce significant results

include representations of the users' understarding of a system, :
representations of a dialog to convey the design to programmers, more

conprehensive task analyses that include memory, perceptual ard language
oconsiderations as well as timing and error predictions, and hardware

advances that allow the collection of logging and metering data for

tapping the current use of a system.

I Ay
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Rapan Factors Aspects of Simulation (1985):
Because of the importance and widespread applications of simulation, and
the number of significant behavioral and mman factors issues in the

design and use of similators, behavioral issues and problams coammon to
many similators were identified. The report includes an overview of
similation including a historical perspective.

A major issue in simulation is concerned with the heavy reliance on
physical fidelity as the principal determinant of a simulator's ability to
serve its interded purpose. At the same time, the importance of the
relationship between how a simulator is used and its effectiveness is not
fully appreciated. As a consequence of this imbalance of emphasis,
similators are often not as cost-effective as they could be. The
~ontributions that behavioral science and uman factors engineering can
make to the design and use of simulators are relatively neglected.

Although simulator design and operation could be improved by better use of
existing behavioral and mman engineering principles, the potential
contribution of these fields is limited by the lack of adequate
performance measurement methods and well developed human performance
models. Objective and autamated performance measurement systems would

b I N PR ey

greatly facilitate the derivation of detailed quantitative performance
information useful for design, training, and research purposes.
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The report makes three fundamental recommendations for research:
long-range, comprehensive, and forward-looking research plans should be
develcoped to address persistent and emerging simulation problems;
long-range stable funding should be provided to encourage the development
of academic bases for simulation research; and research to develocp near
real-time mman performance assessment capability for simulation should be

Design (Letter Report 1985):
The Human Engineering Guide to Equipment Design (HEGED) was developed to
assist designers, engineers, mman factors specialists and others in the
understanding and application of mman engineering principles. Since its
last revision in 1972, extensive new, relevant data has been generated.
The wide array of users require access to data at differing levels of
detail. The study reviewed the scope of the contents of the Guide and the
best means for accessing the data in light of current technology. The
present book format camnot easily meet the needs for each application,
accammodate different users' requirements for level of detail, nor be
modified ito include later data as it becomes available. The letter
report recamernds revising the Guide format so that it can be used in an
interactive camputer system which allows flexibility in terms of access
strategy and level of detail, suggests additional areas of content
consistent with advances in information technology, and recammends the
initiation of modern data delivery systems using interactive camputer
methods.
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